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Abstract
Subjective cognitive decline (SCD) may reflect a dementia prodrome or modifiable risk factor 
such as sleep disturbance. What is the association between sleep and SCD? Cross-sectional design, 
from two studies of older adults: the WHICAP in the USA, and the HELIAD in Greece. 1576 
WHICAP and 1456 HELIAD participants, without mild cognitive impairment, dementia, or severe 
depression/anxiety were included. Participants were mostly women, with 12 (WHICAP) and 8 
(HELIAD) mean years of education. Sleep problems were estimated using the Sleep Scale from 
the Medical Outcomes Study. SCD was assessed using a structured complaint questionnaire that 
queries for subjective memory and other cognitive symptoms. Multinomial or logistic regression 
models were used to examine whether sleep problems were associated with complaints about 
general cognition, memory, naming, orientation, and calculations. Age, sex, education, sleep 
medication, use of medications affecting cognition, comorbidities, depression and anxiety were 
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used as covariates. Objective cognition was also used estimated by summarizing 
neuropsychological performance into composite z-scores. Sleep problems were associated with 
two or more complaints; WHICAP:β=1.93(95%CI: 1.59–2.34),p≤0.0001, 
HELIAD:β=1.48(95%CI:1.20–1.83),(p≤0.0001). Sleep problems were associated with complaints 
in all the cognitive sub-categories except orientation for the WHICAP. The associations were 
noted regardless of objective cognition. At any given level of objective cognition, sleep 
disturbance is accompanied by subjective cognitive impairment. The replicability in two 
ethnically, genetically, and culturally different cohorts adds validity to our results. Results have 
implications for the correlates, and potential etiology of SCD, which should be considered in the 
assessment and treatment of older adults with cognitive complaints.
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Introduction
Sleep quality has been associated with objective cognitive performance in many studies, 
especially in the elderly population (Jaussent, Bouyer et al. 2012, Xu, Jiang et al. 2014, 
Tsapanou, Gu et al. 2015). Moreover, specific sleep problems have been found to be 
significant risk factors for developing both Mild Cognitive Impairment (MCI) and dementia, 
mostly Alzheimer’s Disease (AD) type (Jelicic, Bosma et al. 2002, Yaffe, Laffan et al. 2011, 
Ju, McLeland et al. 2013, Tsapanou, Gu et al. 2015). Objective cognitive performance is 
often, but not always, related to subjective cognitive decline (SCD), which is the self-
perception of cognitive changes in comparison to a previously normal state (Tandetnik, 
Farrell et al. 2015).
SCD may be an early indicator for impending cognitive impairment in older adults, 
including conversion to MCI and then dementia (Jessen, Wiese et al. 2010, Jacinto, Brucki et 
al. 2014). However, other studies found no link between SCD and cognition (Jungwirth, 
Fischer et al. 2004). The inconsistency of findings across studies likely reflects variability in 
the measurement of both SCD and objective cognition, as well as the multidimensional 
nature of SCD; indeed, SCD has been linked to negative affect (Dux, Woodard et al. 2008), 
personality (Hanninen, Reinikainen et al. 1994), self-perceived physical functioning 
(Lautenschlager, Cox et al. 2008), and a variety of indicators of well-being (Verhaeghen, 
Geraerts et al. 2000). Very little is known about the link between SCD and sleep in older 
adults, a modifiable factor that could play an important role in contributing to SCD, and in 
general cognition.
Of the studies that have examined sleep in relation to SCD, one study using both sleep 
questionnaire and polysomnography, as well as an extensive evaluation for SCD and the 
Immediate-Post-Concussion Assessment and Cognitive Testing battery showed that sleep 
loss was associated with increased severity of SCD (Stocker, Khan et al. 2017). Poor sleep 
quality and daytime sleepiness were also linked to SCD in older adults, in two different 
studies, one using an objective neuropsychological battery (CERAD-KN), a subjective 
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memory complaints questionnaire, and a subjective sleep questionnaire (Pittsburg sleep 
index) (Kang, Yoon et al. 2015), and the other using both objective and subjective sleep 
measurement, a cognitive neuropsychological assessment and an SCD scale ( Tardy, 
Gonthier et al. 2015). Furthermore, in a systematic review of patients with obstructive sleep 
apnea (OSA), increased subjective sleepiness was associated with more SCD (Vaessen, 
Overeem et al. 2015). However, another study using both actigraphy and sleep 
questionnaires, examining only complaints about memory (with the Memory assessment 
Complaint Questionnaire), and without using objective cognitive measures showed that 
subjective sleep quality did not predict memory SCD, in contrast with objective sleep quality 
(Cavuoto, Ong et al. 2016).
There are, thus, gaps in the existing literature on the association between sleep and SCD. 
Most of the studies have used relatively small sample sizes, have included younger age 
groups, or have considered older participants of a very narrow age group (i.e. 63–68), 
limiting the generalizability of the results. Notably, the majority of previous reports did not 
incorporate an extensive questionnaire covering a large range of SCD. Existing research on 
this topic typically has also not incorporated a comprehensive neuropsychological 
evaluation, which would allow for detailed differential diagnosis and an accurate description 
of the cognitive status of each participant, eliminating patients with MCI or AD from the 
analyses. There is no existing work on sleep and SCD that has included a replication group, 
and, most of the existing studies do not consider the objective cognitive performance of the 
participants.
In the current study we tried to bridge the gaps of the existing literature. We aimed to 
examine the hypothesis that sleep problems are associated with SCD in the elderly. Such 
investigation would provide important information about the cognitive status of participants 
and would raise the awareness of clinicians for people without objective cognitive decline 
who report subjective cognitive deficits. We examined the association between self-reported 
sleep problems and SCD in cognitively healthy older adults, not only in one study as 
previous designs, but with a replication large cohort, with similar design, but yet, different 
population. The two studies were the Washington Heights-Inwood Columbia Aging Project 
(WHICAP), and the HEllenic Longitudinal Investigation of Aging and Diet (HELIAD).
Methods
Cohorts-Participants
WHICAP is a community-based research study aimed at identifying risk factors and 
biomarkers for aging and AD in a multi-ethnic cohort that includes Non-Hispanic White, 
African-American, and Hispanic participants (Tang, Stern et al. 1998, Tang, Cross et al. 
2001, Manly, Bell-McGinty et al. 2005). The age of enrollment of the participating pool was 
65 years or older. Volunteers were recruited irrespectively of their cognitive status. The 
evaluation was conducted in English or Spanish. Informed consent, as approved by the 
Institutional Review Board (IRB) of the College of Physicians and Surgeons of Columbia 
University and the New York State Psychiatric Institute was obtained prior to study 
participation.
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HELIAD is a population-based, multidisciplinary study designed to estimate the prevalence 
and incidence of MCI, AD, other types of dementia, as well as other neuropsychiatric 
conditions of aging in the Greek population (65 years or older). HELIAD’s design is similar 
to WHICAP. The study measures demographic, medical, social, environmental, clinical, 
nutritional, and neuropsychological determinants as well as the lifestyle activities of each 
participant. The evaluation was conducted in Greek. HELIAD has been approved by the IRB 
of Aeginition Hospital, at the National and Kapodistrian University of Athens, as well as by 
the IRB of the University of Thessaly. More detailed information about the specific study 
can be found in previously published work (Dardiotis, Kosmidis et al. 2014, Anastasiou, 
Yannakoulia et al. 2017, Ntanasi, Yannakoulia et al. 2017).
Clinical and cognitive evaluations
A structured, in-person interview, consisting of a medical history report, was conducted for 
each participant, in both studies. All participants provided information about their current 
health status, any neurological conditions, past medical problems, surgical procedures, 
hospitalizations, and any current use of medication. Information regarding their daily 
activities, physical exercise, and diet was also collected. Examination was conducted by 
well-trained physicians and/or neuropsychologists.
All participants were examined with a comprehensive neuropsychological assessment, 
which, based on a previously reported factor analysis in WHICAP (Siedlecki, Manly et al. 
2010), was summarized in the following cognitive domains: memory, executive functioning, 
language, and speed of processing-attention. For the purposes of the current study, we 
created a general objective cognition variable, which was the mean composite score of the 
scores from each cognitive domain. The HELIAD battery and composite summary score was 
similar to the WHICAP battery (Kosmidis HM. 2017, Tsapanou, Gu et al. 2017). For both 
studies, z-scores for each cognitive domain were derived based on the means and standard 
deviations (SD) of participants without dementia. The z-scores were averaged to derive the 
composite cognitive score. Higher z-score indicates better cognitive performance.
All participants in both studies underwent a thorough diagnostic examination to determine 
cognitive and functional status. Changes in performance of daily activities due to a perceived 
decline in memory or non-memory were recorded using relevant questions in the 
Instrumental Activities of Daily Living (IADL) scale for the HELIAD and from the Blessed 
Dementia Scale for the WHICAP study. We matched the questions used to both studies as 
accurately as possible. The diagnosis of MCI or dementia was based on standard research 
criteria, using all available information at a consensus conference consisting of at least one 
neurologist and one neuropsychologist. The diagnosis of dementia required evidence of 
cognitive deficit, impairment in social or occupational function, and cognitive and socio-
occupational functional decline, according to the Diagnostic and Statistical Manual of 
Mental Disorders Revised Third Edition. The National Institute of Neurological and 
Communicative Disorders and Stroke-Alzheimer’s Disease and Related Disorders 
Association were used for the diagnosis of probable or possible AD.
As the awareness of people with MCI varies, while demented individuals tend to 
underestimate their cognitive or general health status due to poor insight, their answers in 
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both sleep and cognitive complaints questions most likely will not reflect their actual 
situation (Farias, Mungas et al. 2005). Moreover, demented patients are more likely to refer 
both more sleep and SCD, most likely due to the neurodegenerative disease. For these 
reasons, participants with MCI or dementia were excluded from our analysis. We made a 
further exclusion of participants having severe depression or anxiety, as there is evidence 
that these disorders significantly affect sleep regulation, SCD, and cognitive performance. 
Depression and anxiety in WHICAP were measured using the 10-item version of the Center 
for Epidemiologic Studies Depression Scale (CESD), a screening test for depression and 
depressive disorder defined by the American Psychiatric Association DSM-V. Possible 
answers were no/yes, with a rating of 0–1 respectively. Participants with a score ≥4, 
indicating severe depression/anxiety disorder, were excluded. Depression in HELIAD was 
determined on the basis of the consensus diagnosis, the use of antidepressants or the score of 
the Geriatric Depression Scale (GDS), which is a 15-item self-reported questionnaire. In the 
analysis, GDS was used as a dichotomous variable, with a cut-off score of 6 (Yesavage 
1988,). Assessment of anxiety in HELIAD was based on the Hospital anxiety and depression 
scale. This is a 7-item self-reported questionnaire. The specific scale was used 
dichotomously, with a cut-off score of 8 (Zigmond and Snaith 1983, Bjelland, Dahl et al. 
2002, Michopoulos, Douzenis et al. 2008).
Sleep measures
In both studies, sleep problems were assessed with the Sleep Scale from the Medical 
Outcomes Study (MOS-SS) (Hays, Martin et al. 2005). Based on the existing literature, self-
reported sleep efficiency has been found to be as accurate as the objective sleep measure of 
polysomnography and actigraphy (Kushida, Chang et al. 2001). The MOS-SS is a self-
reported 12-item questionnaire (Spritzer 2003, Hays, Martin et al. 2005). Sleep problems 
were examined using the Sleep Index II (Hays 1995) including the following questions: 
During the past 4 weeks: 1. “How long did it usually take for you to fall asleep?” How often 
did you: 2. “Feel that your sleep was not quiet (moving restlessly, feeling tense, speaking, 
etc., while sleeping)?” 3. “Get enough sleep to feel rested upon waking in the morning?” 4. 
“Awaken short of breath or with a headache?” 5. “Feel drowsy or sleepy during the day?” 6. 
“Have trouble falling asleep?” 7. “Awaken during your sleep time and have trouble falling 
asleep again?” 8. “Have trouble staying awake during the day?” 9. “Get the amount of sleep 
you needed?”. Each of the questions has a possible rating of 1–6, based on the frequency of 
the sleep problem. The sum of the sleep problems variable had a range of 1–54. Based on 
the manual, we reverse-scored pre-specified sleep items so that higher scores indicate more 
sleep problems. For the purposes of the specific analyses, and based on the MOS-SS 
manual, the Sleep Index II variable (from now on referred as “sleep problems” variable) was 
derived by averaging the sum of the scores from the above questions, and had a range of 1–
6. Information regarding the reliability and validity of the MOS-SS in the Greek population 
can be found in a previous publication (Tsapanou, Gu et al. 2017).
Subjective Cognitive Decline—In both studies, participants were interviewed about 
forgetfulness and specific cognitive problems by means of a structured cognitive/functional 
complaint questionnaire, starting with a query about whether or not they have memory 
problems in general. Items on this scale were answers from combined functional questions 
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to ensure coverage of SCD across various cognitive domains. The domains of the subjective 
complaints were the following: memory, naming, orientation, and calculation. The possible 
rating for each one of the SCD items was 0–1. Subjective memory decline score was based 
on one question (dichotomous variable, 0–1). Subjective naming decline score was based on 
2 questions. A positive answer to at least one of them, resulted in a subjective naming 
decline score of 1 (dichotomous variable, 0–1). Subjective orientation decline score was 
based on 5 questions. A positive answer to at least one of them, resulted in a subjective 
orientation decline score of 1 (dichotomous variable, 0–1). Subjective calculation decline 
score was based on 3 questions. A positive answer to at least one of them, resulted in a 
subjective orientation decline score of 1 (dichotomous variable, 0–1) (see Appendix).
The total SCD was the sum of the subjective cognitive sub-categories, and had a possible 
rating of 0–4, with higher scores indicating more SCD. To ensure greater homogeneity of the 
categories given the sample size as scores of 3 or 4 were relatively rare, we created a 
trichotomous total SCD variable: 0 for no complaint, 1 for expressing one complaint, and 2 
for expressing two or more complaints.
In the main analysis we used the sum of the SCD. Then, we ran further exploratory analyses 
for the association between sleep and the specific subjective cognitive sub-categories. All 
questions were asked similarly in both studies.
Covariates—Age and numbers of years of education were used as continuous variables. 
As sleep medication and other medications can affect both sleep and cognitive performance, 
especially among the elderly, we created a continuous variable for the total number of 
medications taken as a covariate. The specific variable consisted of the following: narcotics, 
hypnotics, anxiolytics, antipsychotics, anticholinergics, and phenobarbital. Sex was used as a 
dichotomous variable. We also created a covariate of comorbidities that may act as risk 
factors for cognitive decline, including the following Boolean variables: hypertension, 
diabetes mellitus, coronary artery disease (including myocardial infarction), congestive heart 
failure, and stroke. We then added depression and anxiety as continuous variables. We 
further used as a continuous covariate the global objective cognitive performance, which was 
the mean composite score based on the performance in the cognitive domains, as previously 
described. Covariates were used the same way in both studies.
Statistical analysis
All statistical analyses were performed using the Statistical Package for the Social Sciences 
(SPSS) 23 (SPSS, Chicago, Illinois). Nominally significant alpha values were defined as p < 
0.05. We ran the analyses in the two cohorts separately.
We used multinomial regression models with sleep problems as the predictor and SCD (0, 1, 
2) as the outcome, with no complaints (0) as the reference category. The models were first 
unadjusted and then adjusted for age, sex, education, sleep medication/medication affecting 
cognition, and comorbidities. We further controlled for general objective cognition, using 
the variable described at the neuropsychological evaluation section.
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In further exploratory analyses, we examined the associations between sleep problems and 
specific subjective complaints regarding memory, naming, orientation, and calculation 
difficulties. We used logistic regression models, with sleep problems variable as the 
predictor, and each of the SCD domains as the outcome (0–1). The models were adjusted for 
age, sex, education, sleep medication and medication affecting cognition, as well as 
comorbidities.
Results
Our initial sample in WHICAP consisted of 2993 participants having sleep or cognitive data. 
We excluded those with MCI (N=516), dementia (N=243), severe depression or anxiety 
(N=306), and after excluding participants with missing data (N=352), the final sample 
consisted of 1576 participants. Our initial sample in HELIAD consisted of 1847 participants. 
After excluding participants with MCI (N=219), those with dementia (N=89), those with 
severe depression or anxiety (N=28) and those with missing data (N=55), the final sample 
consisted of 1456 participants. Compared to those with missing data, our samples did not 
differ significantly in the demographic characteristics.
Most of the WHICAP participants did not have any complaint of SCD, while most of the 
HELIAD participants reported at least one complaint of SCD. In both studies, the majority 
of participants were women, and the mean age of the total sample was 73–74 years old. The 
mean education level was 12 years for WHICAP, while 8 years for HELIAD (Tables 1 and 
2). The number of participants [N (%)] having complaints for each of the subjective sub-
cognitive category was as follows: WHICAP: Memory: 292 (18.6), Naming: 401 (25.5), 
Orientation: 7 (0.4), Calculations: 18 (1.2). HELIAD: Memory: 408 (28.1), Naming: 378 
(26), Orientation: 78 (5.4), Calculations: 38 (2.6).
In the unadjusted multinomial regression model, more sleep problems were associated with 
more total SCD in WHICAP, for both one complaint: β=1.515 (95% CI: 1.248–1.839), 
p≤0.0001, and two or more complaints: β=1.965 (95% CI: 1.625–2.370), p≤0.0001 (Figure 
1). Associations between sleep problems and SCD were similar for the HELIAD study: one 
complaint: β=1.287 (95% CI: 1.064–1.557), p=0.009, and two or more complaints: β=1.632 
(95% CI: 1.328–2.005), p≤0.0001 (Figure 2). In the adjusted models, associations remained 
significant between more sleep problems and more total SCD in both studies (Table 3). 
Results remained significant even after adding as covariates depression and anxiety, so that 
more complaints about general cognition were associated with more sleep problems in both 
studies; WHICAP: SCD and sleep problems: 1 complaint: β=1.44 (1.179–1.772), p≤0.0001, 
≥2 complaints: β= 1.66 (1.357–2.032), p≤0.0001. HELIAD: SCD and sleep problems: 1 
complaint: β=1.51 (1.143–2.004), p=0.004, ≥2 complaints: β=2.06 (1.550–2.726), p≤0.0001. 
The associations between sleep problems and SCD remained significant after adding global 
objective cognition as an additional covariate (Table 3).
Further exploratory analysis revealed that increased sleep problems were associated with 
subjective complaints about memory, naming, and calculations for both studies, and 
orientation for HELIAD (Table 3).
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In the present study, we examined the association between self-reported sleep problems and 
subjective cognitive decline in two large cohorts of cognitively healthy older adults. 
Increased sleep problems were associated with increased SCD, independent of demographic, 
clinical factors, and an index of global objective cognition. Sleep problems were associated 
with complaints regarding memory, naming, and calculations in both cohorts and with 
orientation complaints in HELIAD only. More sleep problems were associated with more 
complaints for all the cognitive sub-categories.
Our results are in accordance with a relatively scarce literature showing an association 
between sleep problems and SCD (Kang, Yoon et al. 2015, Vaessen, Overeem et al. 2015, 
Stocker, Khan et al. 2017). Socioeconomic factors could play a significant role to the above 
association. Poor sleep quality is more frequent among women, those with lower 
occupational status, and advanced age (Beck, Leon et al. 2009, Hoefelmann, Lopes Ada et 
al. 2013). Demographics and more specifically, the higher proportion of women could partly 
explain such associations, as many demographic factors and more precisely the hormonal 
profile of women have been linked to both SCD and sleep problems. Menstrual cycles, and 
menopause can alter sleep architecture and self-perception as well, and have a direct 
influence on general health. However, after adjusting for age, sex, education, comorbidities, 
depression and anxiety, the association between sleep problems and SCD remained 
statistically significant in both cohorts, a fact showing that other probable socioeconomic 
factors that we did not have the opportunity to account for in the current study (i.e. income, 
substance abuse) could also play a significant role to the association between sleep and 
SCD.
We could hypothesize that sleep problems may be causing more SCD. Poor sleep quality has 
been associated with low cognitive performance, especially in the elderly (Yaffe, Laffan et 
al. 2011, Tsapanou, Gu et al. 2015). Although we considered only individuals without 
objective cognitive deficits, participants with more sleep problems could feel less cognitively 
effective during the day, therefore, expressing more SCD. Considering SCD as a possible 
consequence of poor sleep quality, future clinical interventions directed at sleep could help 
addressing the subjective cognitive complaints. Further longitudinal research on this topic 
could provide us with more accurate information on the directionality of the above 
association.
Reverse causality cannot be excluded. An alternative explanation of our findings is that both 
SCD and sleep dysregulation are initial symptoms of an undetected subclinical 
neurodegenerative disease. Indeed, MCI and dementia -especially AD- have been both 
associated with increased sleep dysregulation (Lim, Kowgier et al. 2013, Tsapanou, Gu et al. 
2015), and existing literature points to the presence of AD biomarkers in adults expressing 
SCD. Overall, therefore, although we were careful to exclude subjects with dementia or even 
MCI, and to additionally adjust for objective cognition, we cannot fully exclude the 
possibility that both sleep problems and the self-perception of the cognitive performance 
could still be an indication of preclinical cognitive alterations which could lead to future 
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dementia. Longitudinal research could help identify whether SCD is a very early symptom 
followed by objective cognitive decline and dementia.
The association between sleep and SCD could partially be explained by mood, personality, 
or attitudinal factors. Many studies have shown that SCD is associated with depressive 
symptoms and personality traits. For example, high neuroticism has been significantly 
associated with SCD. Depression and high neuroticism have also been linked to sleep 
dysregulations. Although we excluded participants with significant depression and anxiety, it 
is still possible that certain psychological characteristics not captured by our psychiatric 
scales could influence the association between sleep and SCD. Broad attitudes or 
perceptions about health may contribute to the link between SCD and subjective reports of 
sleep problems. Recent evidence suggests that people with subjective cognitive difficulties 
are more likely to report difficulties in physical functioning, independent of objective 
functioning in these areas, perhaps reflecting broad attitudes or perceptions about health; 
such attitudes may pertain to sleep as well.
There are some limitations in the present study. First, we did not have the opportunity to use 
objective measures of sleep such as polysomnography or actigraphy. Moreover, the answers 
to the sleep questionnaire referred to the last four weeks before the evaluation, and may not 
accurately represent long-term sleep patterns. The questions for SCD did not derive from a 
previously widely accepted, validated questionnaire. The cross-sectional design of the study 
is another limitation, in so far as elucidating the directionality of the associations; further 
longitudinal analyses should be conducted.
There are several strengths of the current study. To our knowledge, this is the first 
examination of sleep problems and SCD that includes a replication study, increasing the 
confidence of the findings and the generalizability of the noted associations. To the best of 
our knowledge, this is also the largest sample size study examining the association between 
sleep and subjective cognitive complaints in the elderly. The Mediterranean is a region with 
considerably different sleep habits and patterns than other regions (i.e. frequent napping 
during the day); additional information and enhanced variability on sleep is considered with 
the inclusion of the HELIAD Mediterranean population. Another strength of the study is that 
we were able to examine not only subjective cognitive complaints in total, but also the 
specific categories of the complaints. Clinical evaluation was conducted in a systematic way 
by dementia experts, permitting a fine-tuned classification of the cognitive status of our 
participants and exclusion from the analyses of all subjects with MCI and dementia. We also 
conducted comprehensive neuropsychological assessment of all participants, which gave us 
the opportunity to control for global objective cognitive performance.
Based on the present findings, clinicians should be aware of potentially co-existing sleep 
problems when cognitive complaints are reported. Early complaints about cognitive deficits, 
with sleep problems, before the presence of objective cognitive impairment, could be an 
ominous sign for participants in high risk of developing a cognitive decline. Subjective 
complaints should not be underestimated; on the contrary, they should sound a note of 
warning and urge these adults for a more precise follow-up. These results encourage further 
longitudinal research with objective sleep assessments to clarify the directionality 
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underlying the association between sleep and SCD. By improving understanding of the way 
in which these important factors interact, such research will serve to enhance the quality of 
life of older adults.
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Summarized questions used to create the SCD in both studies. The score for dichotomous 
variables (MC, NC, OC, CC) is 0 if all answers are negative for SCD and 1 in case of at least 
one positive answer; the score for the quantitative metric (SCD) is the sum of all positive 
responses regarding memory, naming, orientation and/or calculation complaints (scores of 4 
or 3 were relatively rare and merged with 2 into a score of 2).
SCD definition Questions/topics
MC Memory Complaint 
(0–1)
Do you have any problems with your memory?
NC Naming Complaints 
(0–1)
• Do you have difficulty remembering the names of people in your family or close 
friends? (do not include transient mistakes)
• Do you often have to stop in the middle of saying something because you have 
difficulty or problems remembering the right word?
OC Orientation 
Complaints (0–1)
• Inability to find way about indoors
• Inability to find way about familiar streets
• Inability to interpret surroundings; for example, to recognize whether in hospital or at 
home; to discriminate between patients, doctors, nurse, relatives, other hospital staff, 
etc.
• Do problems with your memory make it difficult for you to go outside by yourself?
• Can you travel independently on public transportation or drive your car?
CC Calculation 
Complaints (0–1)
• Inability to cope with small sums of money
• Do problems with your memory make it difficult for you to keep track of your 
personal business like paying bills and handling money?
• Can you manage your financial matters independently (budgets, write checks, pay 
rent, bills, go to bank), collect and keep track of your income?
SCD Sum of Complaints 
in All domains
MC + NC + OC + CC
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Bar graph depicting the association between SCD and Sleep Problems among cognitively 
healthy older adults from the WHICAP study. More SCD (0=0 complaints, 1=1 complaint, 
2=2 or more complaints) was associated with more sleep problems
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Bar graph depicting the association between SCD and Sleep Problems among cognitively 
healthy older adults from the HELIAD study. More SCD (0=0 complaints, 1=1 complaint, 
2=2 or more complaints) was associated with more sleep problems
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Table 1:









Age (years), Mean (SD) 74 (6) 74 (6) 74 (5) 0.446, 0.640 74 (5.7)
Sex, women, Ν (%) 570 (65.5) 222 (61.2) 245 (71.4) 4.183, 0.015 1037 (65.8)
Education (years), Mean (SD) 11 (5) 13 (5) 13 (5) 15.066, ≤0.0001 12 (4.8)
Comorbidities, Mean (SD) 1.12 (0.94) 1.08 (1.1) 1.1 (0.93) 0.515, 0.598 1.12 (0.9)
Sleep/cogn meds, yes, N (%) 92 (10.6) 44 (12.1) 61 (17.7) 5.942, 0.003 197 (12.5)
Obj. cognition, z-score, Mean (SD) 0.5 (0.6) 0.7 (0.4) 0.7 (0.4) 23.851, ≤0.0001 0.585 (0.5)
Sleep problems, Mean (SD) 1.7 (0.6) 1.8 (0.6) 1.9 (0.7) 18.018, ≤0.0001 1.8 (0.6)
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Table 2:










Age (years), Mean (SD) 72 (5) 73 (5) 73 (5) 4.848, 0.008 73 (5.2)
Sex, women, Ν (%) 220 (56.7) 359 (58.2) 297 (65.9) 3.244, 0.039 880 (60.5)
Education (years), Mean (SD) 9.3 (5.5) 7.2 (4.3) 8.3 (4.6) 22.449, ≤0.0001 7.8 (4.7)
Comorbidities, Mean (SD) 0.8 (0.8) 1.1 (0.8) 1.1 (0.9) 8.820, ≤0.0001 1.05 (0.88)
Sleep/cogn meds, yes, N (%) 54 (13.9) 108 (17.5) 95 (21.1) 6.569, 0.001 257 (17.7)
Obj. cognition, z-score, Mean (SD) 0.14 (0.6) −0.16 (0.72) −0.02 (0.66) 19.172, ≤0.0001 −0.078 (0.7)
Sleep problems, Mean (SD) 1.8 (0.8) 1.9 (0.8) 2.1 (0.9) 12.467, ≤0.0001 1.96 (0.8)
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Table 3:
Regression models for the association between Sleep Problems and SCD in the two cohorts. Models adjusted 
for age, sex, education, comorbidities, sleep medication and medication affecting cognition. Further 




β (95% CI), (p)
HELIAD
β (95% CI), (p)
SCD (total) 1: 1.55 (1.274–1.890), ≤0.0001
≥2: 1.93 (1.592–2.344), ≤0.0001
1: 1.16 (0.953–1.411), 0.138
≥2: 1.48 (1.201–1.829), ≤0.0001
SCD adjusted also for general objective cognition 1: 1.54 (1.258–1.874), ≤0.0001
≥2: 1.91 (1.577–2.323), ≤0.0001
1: 1.17 (0.962–1.434), 0.115
≥2: 1.48 (1.196–1.836), ≤0.0001
Subjective Complaints by Cognitive Domain
Memory 1.38 (1.146–1.661), 0.001 1.27 (1.109–1.458), 0.001
Naming 1.66 (1.402–1.970), ≤0.0001 1.23 (1.070–1.408), 0.004
Orientation 1.07 (0.347–3.324), 0.901 1.79 (1.419–2.270), ≤0.0001
Calculations 1.85 (1.059–3.243), 0.031 1.78 (1.282–2.472), 0.001
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